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ABSTRACT 


The forests on limestone in southern Yunnan, in tropical southwest China, were inventoried, and their floristic 
composition and biogeographical affinities are discussed. These limestone forests were characterized by phanerophytes 
making up ca. 78% of the total species and those with mesophyllous leaves comprising 7596. Ecological species groups 
based on their habitat preferences were discerned from field observations: the species exclusive to the limestone habitats 
make up 10% and the preferents make up са, 12% of the total limestone flora. From these limestone forests, 1394 
vascular plant species belonging to 640 genera and 153 families were recorded. Based on their distributions, 12 
biogeographic elements at the generic level and nine at the specific level were recognized. About 90% of the seed 
plant genera (over 90% of the species) were tropical; furthermore, 35% of the seed plant genera (65% of the species) 
have tropical Asian affinities. In а comparison with other regional floras from southern China and tropical Asia, the 
limestone flora of southern Yunnan revealed closer affinity to tropical floras than to temperate elements of eastern Asian 
floras. This limestone flora is thus tropical and part of the tropical Asian flora at its northern margin, 
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Limestone in tropical China occurs mainly in GENERAL. GEOGRAPHY 


Yunnan and Guangxi Provinces of southern and T ! 
эр и ; | 3 Xishuangbanna, the southern part of Yunnan, 
central China. Because of the great diversity of ; ; ; 
55 a which borders Burma and Laos, is a mountainous 
edaphic conditions and topography, vegetation gh ; 6 
: == Н area at the northern margin of tropical Southeast 
types on limestone are extremely diverse and rich — ; 
4 : 3 суор: Asia (Fig. 1). Basically, the study area has а moun- 
in endemic taxa. Limestone vegetation in southern A йг 
+ tainous topography with the mountains running 
China has been destroyed as much as other vege- Кай аа тандан та 
еч җн north-south and decreasing in elevation southward. 
tation types even though these limestone areas are А : : А 
vs | 5 |o f Li T TU Altitude varies from 480 m in the lowest valley in 
more difficult to access and to farm. Limestone veg- 9 
Ри : dea 5 | | п a ne veg- the south to 2400 m at the top of the highest moun- 
4 ) s also or V are ^ bec: зе "ӨС Jers . . "г . 5 
Eug acia m Ч амиа » » eo. recovers | tain in the north. The limestone strata occur mainly 
much more slowly on usually thin soils. Our ге in southeastern Xishuangbanna and range in alti- 
tude from 600 to 1600 m. 


The region of Xishuangbanna has a typical trop- 


search was conducted mainly in the area of Xish- 
uangbanna, in the southern part of Yunnan, where 
about 19% (3600 km?) of the total area is limestone 
(Liu et al., 1990). Most of this limestone area is 


ical monsoon climate with an annual mean tem- 
perature of 22°C, annual temperature accumulation 
still forested and is receiving increasing attention (the sum of daily temperature means where they are 
> 10°С) of 8000°C, and annual precipitation vary- 


ing from 1200 to 1556 mm, of which more than 


for its biodiversity and its urgent need of conser- 
vation. Primary floristic works in southern. Yunnan 
have been written (Zhu et al., 1996, 1997, 19984. 
1998b; 


80% falls during the rainy season between May and 


Vang et al., 1997). This paper represents a 
synthesis of its floristics, physiognomy, and biogeo- 


graphical affinities. 


the end of October (Xu et al., 1987). 
The rock substrate is hard limestone of Permian 
origin with a rugged topography. The soil is mainly 
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brown, coarse in texture, and composed of loamy 
limestone with a pH of ca. 6.75 and ca. 3.56% 
organic matter (Liu et al., 1990). 


METHODS 


A complete floristic inventory was made based 
on the identification of more than 5000 plant spec- 
imens collected from the limestone habitat in 
southern Yunnan during 1985-1995 and deposited 


mainly at HITBC and SYS. The flora of the vege- 


tation on the limestone consisted of 153 families of 


vascular plants, including 640 genera and 1394 
species. An initial floristic analysis was made based 
on the inventory (Zhu et al., 1996). Three main 
vegetation types occur on the limestone—tropical 
seasonal rain forest, tropical seasonal moist forest, 
and tropical montane dwarf forest—which were se- 
lected for establishing plots. For the tropical sea- 
sonal rain forest, seven separate plots ranging in 


size Кот 2000 to 2500 m? were established. For 


the tropical seasonal moist forest seven separate 
plots ranging in size from 500 to 2000 те were laid 
out. For the tropical montane dwarf forest, only two 
plots of 10 by 10 m were made due to its restriction 
to limestone summits. These different plot sizes 


were used because of the differential coverage of 


forest type and site restrictions. The structure and 
species composition of the vegetation on the lime- 
stone were analyzed based on plot data already 
published (Zhu et al., 1998a). In the present paper, 
plant inventory lists of the two main forest types 
(excluding montane dwarf forest) were compiled 
from sample plots separately for the physiognomic 
(life form and leaf size) analysis. The criteria for 
life form and leaf size classes suggested by Raun- 
kiaer (1934) and the importance value index (IVI) 
suggested by Curtis and McIntosh (1951) were used 
in the physiognomic or ecological analysis. Ecolog- 
ical species groups were discriminated from field 
observation and correspond to groups used in Shi- 
mizu (1964) and Chin (1977). Species-level bio- 
geographical affinities were assessed for the total 
flora of the limestone vegetation. The floristic sim- 
ilarities between the limestone flora of southern 
Yunnan and the floras on limestone and non-lime- 
stone habitats from southwest China, northern Vi- 
etnam, northern Thailand, and the Malay Peninsula 
were also discussed. 


CLASSIFICATION OF LIMESTONE VEGETATION 


Based on plant physiognomy, forest profile, flo- 
ristic composition, and habitat, the primary lime- 
stone vegetation can be classified into three vege- 
tation types, ie. tropical seasonal rain forest. 
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tropical seasonal moist forest, and tropical montane 
dwarf forest (Zhu et al., 1998a). Within these, six 
formations, including nine communities, were rec- 


ognized: 


(1) Ravine seasonal rain forest (including the Po- 
metia tomentosa—Alphonsea monogyna community 
and Pometia tomentosa—Celtis philippensis var. 
wightii community); 

(2) Lower hill seasonal rain forest (including only 
the Celtis philippensis var. wightii-Lasiococca com- 
beri var. pseudoverticillata community); 

(3) Evergreen moist forest (including the Osmanthus 
polyneurus—Dracaena cochinchinensis community 
and Lasiococca comberi var. pseudoverticillata—Cleis- 
tanthus sumatranus community); 

(4) Semi-evergreen moist forest (including the 
Bombax insignis—Colona floribunda community and 
Bombax insignis-Garcinia bracteata community); 
(5) Evergreen dwarf forest (including only the Pho- 
tinia angusta—Pistacia weinmannifolia community): 
(6) Semi-evergreen dwarf forest (including only the 
Ficus nertifolia—Dracaena cochinchinensis commu- 
nity). 


Detailed descriptions and ecological analyses of 
the communities have been reported earlier (Zhu et 
al., 1998a). Here the classification of the limestone 
vegetation is concisely enumerated so that the bio- 
geographical components of the limestone vegeta- 
tion can be better understood. 


TROPICAL SEASONAL RAIN FOREST 


Tropical seasonal rain forest on limestone, just 
as the regional tropical seasonal rain forest off lime- 
stone, shares characteristics with the equatorial 
lowland rain forest. These forests are mainly ever- 
green, but there are some deciduous trees in the 
emergent layer. This is equivalent to the tropical 
semi-evergreen rain forest of Southeast Asia (Whit- 
more, 1984), or the tropical semi-evergreen forest 
of India-Burma (Champion, 1936), as well as the 
evergreen seasonal forest of tropical America 
(Beard, 1944, 1955). In southern Yunnan, these 
limestone forests occur in wet valleys and on lower 
slopes of hills or mountains below 1000 m altitude. 
This same forest type also occurs in northern Thai- 
land (Smitinand, 1966) and North Vietnam (Thin, 
1997), although different names were used. The 
tropical seasonal rain forest represents Southeast 
Asian tropical rain forest at its latitudinal and al- 
titudinal limits. The ecological structure of the trop- 
ical seasonal rain forest on limestone is almost ex- 
actly the same as the seasonal rain forest off 
limestone in the Xishuangbanna region (Zhu, 1992, 
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E | | EN ык 3 1997). Most species in the seasonal rain forest on 
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= 5 © E © stone seasonal rain forest, but the latter is more 
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ES 5 ! canopy height of 7—15 m. Epiphytic orchids, such 


as Епа hainanensis Rolfe and Bulbophyllum ni- 
grescens Rolfe, and non-vascular epiphytes (bryo- 
phytes and lichens) are abundant. In some sites 
small woody climbers, such as Derris caudatilimba 
How (Papilionaceae) and Pristimera arborea 
(Roxb.) A. C. Smith (Hippocrateaceae), are also fre- 


quent. 


Life form* 


Life forms of the limestone forest in southern Yunnan. 


PLANT PHYSIOGNOMY OR ATTRIBUTES 


From plot data, life form spectra (Raunkiaer, 
1934) of the two main forest types (seasonal rain 
forest and seasonal moist forest) are compiled in 


species) 


species) 


* Life form (Raunkiaer, 1934); Megaph 
(perennials 2 to 8 m high); Nanoph = Nanophanerophyte (perennials 0.25 to 2 m high); Hph 


Chamaephytes (perennials less than 0.25 m high above ground); Geoph 


(annuals). 


Table 1. 
(9650 m? of 7 plots, total 211 


(14800 m? of 7 plots, total 249 


Limestone seasonal rain forest 
Limestone seasonal moist forest 
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Table 2. 


Forest type 


Limestone seasonal Percentage of species 
rain forest! 
Limestone seasonal Percentage of species 


moist forest? 


! From 14800 m? of 7 plots, total of 94 tree species > : 


Percentage of Importance Value Index (IVI)* 


Percentage of Importance Value Index (IVI) 


cm DBH. 
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Physiognomic characteristics of the limestone forest in southern Yunnan. 


Leaf form Leaf texture Leaf size 


5 C P L Na Mi Me Ma 


123 27.7 47.9 521 0 13.8 76.6 9.6 
76.3 23.7 52.8 47.2 0 38 9] 53 
68 32 515 485 1 21.5 742 3.1 
74.8 25.2 41.7 58.3 0.4 23.3 006.5 9.7 


2 From 9650 m? of 7 plots, total of 97 tree species > 5 ст DBH. 
IVI = Relative dominant density + Relative frequency + Relative dominant breast area (Curtis & McIntosh, 1951). 
S: Simple leaves; С: Compound leaves; P: Papery leaves; L: Leathery leaves; Ma: Macrophyll (large to 164,025 mm?); 


Me: Mesophyll (to 18,222 питу); Mi: Microphyll (to 2025 


Table 1. Leaf size spectra, leaf form, and leaf tex- 
ture are shown in Table 2. Both forest types were 
dominated by phanerophytes. Including lianas, 
these perennial phanerophytes make up 73.9— 
83.2% of the total species, while annual chamae- 
phytes account for only 12.4–13%. However, the 
seasonal moist forest shows lower percentages of 
woody lianas as well as megaphanerophytes and 
mesophanerophytes, but higher percentages of epi- 
phytes as well as microphanerophytes and папо- 
phanerophytes than the seasonal rain forest. 

Both forest types have species with mesophyllous 
leaves making up ca. 75% of the total tree species, 
but the forests show clear differences if the species 
are weighted by importance value index (IVI). This 
increases the percentage of mesophyllous perenni- 
als and decreases the percentage of micro- and ma- 
crophyllous trees in seasonal rain forest, while the 
opposite trend is seen in seasonal moist forest. Sea- 
sonal moist forest occupies much more rugged hab- 
itats with thinner and drier soils, and has more mi- 
crophyllous species. In weighting by IVI, the 
increase in percentage of macrophyllous trees in 
seasonal moist forest is mainly due to the dominant 
evergreen species Dracaena cochinchinensis (Lour.) 
5. C. Chen (Agavaceae), with its long leathery lan- 
ceolate leaves, and the dominant deciduous tree 
species Colona floribunda (Wall. ex Voigt) Craib 
(Tiliaceae) also with large leaves to 30 ст long. In 


Table 3. 


тт); Na: Nanophyll (to 225 mnm?) (Raunkiaer, 1934). 


weighting the species by IVI, the percentage of 
leathery leaves decreases in seasonal rain forest but 
increases in seasonal moist forest due to the pres- 
ence of some species with these leathery leaves 
such as Cleistanthus sumatranus (Miq.) Muell.-Arg. 
(Euphorbiaceae) and Dracaena cochinchinensis. 


ECOLOGICAL SPECIES GROUP 


Based on the study of the limestone floras of Ja- 
pan and Taiwan, Shimizu (1964) divided limestone 
plants into five ecological groups: 


(1) plants exclusive to limestone habitat; 

(2) plants selective for and found mainly in lime- 
stone: 

(3) plants preferring and dominant on limestone; 

(4) taxa indifferent, with no special association 
with limestone: 

(5) plants found only occasionally on limestone or 
strangers to limestone. 


To Shimizu, these first three. groups were char- 
acteristic species for the limestone habitats and in 
particular his exclusive and selective taxa were cal- 
cicoles. Chin (1977) accepted this classification 
and similarly categorized plants on limestone in the 
Malay Peninsula into four groups, combining selec- 
tive and preferent plants. Similar ecological species 
groups have been later recognized by Chinese bot- 
anists (Liang et al., 1985; Liu et al., 1994). 


The ecological species groups of the limestone flora of southern Yunnan. 








Ec logical species groups 





(see Shimizu, 1964; Chin, 1977) Number of species % 
Plants found only on limestone: endemic to southern. Yunnan 24 Vet 
not endemic to southern Yunnan 117 8.4 
Plants dominant on limestone 170 12:2 
Plants no restriction on limestone 858 61.6 
Plants found occasionally on limestone 225 16.1 
Тога! 1394 100 
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Table 4. 


No. of No. of 

genera species %* 
Orchidaceae 35 86 26.9 
Rubiaceae 34 58 64.1 
Euphorbiaceae 24 58 60.4. 
Papilionaceae 22 55 43.4 
Moraceae T 48 73.8 
Vitaceae 7 38 79.5 
Acanthaceae 26 36 65.4 
Rutaceae 11 35 71.4 
Asclepiadaceae 16 35 53.) 
Urticaceae 12 35 53.0 
Lauraceae 10 35 45.0 
Apocynaceae 19 33 58.9 
Meliaceae 12 30 83.0 
Annonaceae 12 30 50.9 
Cucurbitaceae 9 24 52.3 
Кћатпасеае 19 21 70.4 
Piperaceae 3 20 54.8 


the no. of species on limestone 
+ = = ан X 


the total no. of species in southern Yunnan 


Following Shimizu and Chin's classifications, we 
divided the limestone flora of southern Yunnan into 
these four ecological species groups (Table 3). In 
our study, 141 vascular plant species are restricted 
to limestone habitats and thus are exclusively found 
here. These include the following common species 
Celtis philippensis var. wightii, Amoora calcicola, 
Murraya tetramera, Pistacia weinmannifolia, as 
well as species in Agapetes, Sageretia, Tupistra, and 
Pristimera. Of these, 24 species are endemic to 
southern Yunnan. Taxa exclusive to limestone make 
up about 10% of the total limestone flora, which 
agrees with the results from Longgan limestone (ex- 
clusive taxa, 13%) (Liang et al., 1985) and Longhua 
limestone (exclusive taxa, 10%) (Liu et al., 1994) 
from Guangxi Province in China. Both the exclu- 
sive and preferent taxa make up 22.3% of the total 
sum. They could be termed as characteristic spe- 
cies for limestone habitats (see Appendix 1). This 
is similar to the results from Longgan in Guangxi 
(with these characteristic species making up 20% 
of the total sum) (Liang et al., 1985) and from the 
Malay Peninsula (27.5%) (Chin, 1977). 


THE FLORA AND ITs BIOGEOGRAPHY 


In the limestone forests of southern Yunnan, Chi- 
na, 153 families of vascular plants including 640 
genera and 1394 species and varieties, were re- 
corded, of which seed plants compose 129 families, 
558 genera, and 1269 species (see Appendix 1). 
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Predominant families found in limestone forests of southern Yunnan. 


No. of No. of 
genera species % 

Verbenaceae 6 20 43.5 
Labiatae 13 20 30.1 
Gesneriaceae 13 19 63.3 
Sterculiaceae 7 18 46.8 
Dioscoriaceae 1 18 64.3 
Menispermaceae 10 17 60.7 
Liliaceae 10 16 64.0 
Атасеае 10 15 44.1 
Compositae 8 15 14.6 
Myrsinaceae 4 14 38.2 
Commelinaceae 7 14 60.9 
Zingiberaceae 6 14 42.4 
Myrtaceae 1 13 45.8 
Tiliaceae 3 12 57.1 
Mimosaceae 6 12 66.6 
Anacardiaceae 7 11 64.7 
Convolvulaceae 4 11 31.4 
Ulmaceae 5 11 100 


100 


More than 80% of the species also occur in the 
non-limestone habitats of the Xishuangbanna re- 
олоп. 

The limestone flora makes up about one quarter 
of the total species of the regional flora. (The flora 
of the Xishuangbanna region was primarily docu- 
mented with 3336 native species of 1218 genera 
and 207 families of seed plants; see Li, 1996.) 
Some families show relative preference for lime- 
stone habitats (with more than 60% of the total 
number of species in the region on limestone), for 
example, Acanthaceae, Euphorbiaceae, Gesneri- 
aceae, Meliaceae, Menispermaceae, Moraceae, 
Rhamnaceae, Rubiaceae, Rutaceae, Vitaceae, and 
Ulmaceae (Table 4). Other families, such as Hip- 
pocrateaceae, Icacinaceae, and Vacciniaceae, show 
an even stronger preference for limestone (found 
almost exclusively in limestone habitats in southern 
Yunnan), although they are not among the predom- 
inant families in species richness. 

The distribution types of Chinese seed plants at 
the generic level were documented by Wu (1991). 
Based on Wu’s document, 544 of the 558 genera of 
seed plants from the limestone forest of southern 
Yunnan can be divided into 12 distribution types 
or geographic elements (14 genera, which are cos- 
mopolitan in distribution, are not included in the 
geographic statistics). One thousand two hundred 
forty-four of the 1269 species of seed plants from 
the limestone forest can be recognized in nine dis- 
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tribution types based on their geographic distribu- 
поп (25 species of seed plants are not included due 


5 Ра 

4 2 E х 5 5 х S Ў х 5 Ў ‚ә to insufficient distribution references) (Table 5). At 

Өр cco-—zcecsacoecs-lf the generic level, the geographic elements of trop- 

as xj ET ical distribution (1-0, Table 5) compose 90% of the 

total genera; the geographic elements of temperate 

distribution (7-10, Table 5) make up only 6.796. At 

the specific level, the species that are of typical 

= tropical distribution (1—6, Table 5) account for 

EEE 70.2% of the total species. Among these, the geo- 

ч Ned graphic types that are considered to be from trop- 

5 Е El E E ical Asia make up 64.5% of the total species from 

Ё = a3 E limestone forests in Xishuangbanna. If the species 

V be T К Е Е - from the tropical areas adjacent to Xishuangbanna 

: 2 z E at s from southern China and Yunnan are included, 

= E << = ЈЕ = these tropical species compose more than 90%. 

~ = ® 8 Е E E This indicates that the limestone flora at Xishuang- 

E = 4 88 р = E gd banna is principally tropical in nature and repre- 

5 £ $5 Р a = = „E | sents the tropical Asian flora at its northern tropical 
| Ё 288 л za 2 л 3 att = 5 margin. 

5|.«2с ««-« 05 BB == In a floristic comparison with nine similar floras, 

5 2 2 B 8 g р = = = Е 5 Т = both limestone and non-limestone, from southwest 

515855 PETES 3 = я 3 Ч China, northern Vietnam (Thin, 1997), northern 

es T = 2 ай: " nexum БЭ Уа m = Thailand (Smitinand, 1966), and the Malay Pen- 

Pi edid А SOS BET ах insula (Chin, 1977, 1979; Burkill & Henderson, 

1925) (Table 6), the limestone flora of southern 

Yunnan displays explicit taxonomic affinities to the 

tropical floras and shows a closer affinity to the 

йл ee ee ee ee floras from the Malay Peninsula than to other floras 

Е Е AARGAMRHRHANGAT ш from subtropical China (the floras of Huapin and 

EON ui id QE АВА а. © Dongyang, see Li et al., 1986; Хи, 1984), even 

~ 9 though these Malaysian floras lie farther away geo- 


graphically from southern. Yunnan. Our limestone 
flora in southern. Yunnan shares the most genera 
with the limestone flora of northern Vietnam (Cuc- 
phuong, see Thin, 1997) among those floras com- 
pared in this study. The similarity at the generic 
level between our limestone flora and the limestone 
flora of northern Thailand (Doi Chiengdao) (Smitin- 
and, 1966) is less than would be expected from its 


ts of southern Yunnan. 


5 


geographic proximity. This lack of correspondence 
could be because the plant list for Doi Chiengdao 
used here for comparison is an incomplete one con- 


eographic affinities of the limestone fore: 
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Table 6. 


Zhu et al. 451 


Southern Yunnan Limestone Flora 


Comparison of floristic similarities between the limestone habitats of Xishuangbanna, southern Yunnan. 


and the limestone and non-limestone habitats from southwestern China and southeastern Asia. 





Size of flora Shared taxa Similarity 





Location Habitat (Seed plants) by both floras | coefficients 
2. Longgan, SW China limestone 149 families 118 91.2 
22°14-33'N, 106746' Е 669 genera 311 66.5 
1363 species 
3. Daqinshan Mountains, SW China non-limestone 182 fam. 126 97.4 
22°14'N, 107°E 871 gen. 389 69.8 
1813 spp. 
4. Gulinging, SW China limestone 143 fam. 116 89.9 
22*36'N, 104°E 496 gen. 261 52.6 
1095 spp. 
5. Huapin, SW China non-limestone 151 fam. 83 72.8 
25°31-39'N, 109*50'E 415 gen. 150 33.2 
1051 spp. 
6. Dongyang Mountains, SW China limestone 116 fam. 86 TO. 
25°14’N, 107°56’E 367 gen. 153 11.6 
736 spp. 
7. Cucphuong, N Vietnam limestone 167 fam. 120 93 
20°14—24' №, 105°24—44 'E 860 gen. 428 76.7 
1661 ѕрр. 
8. Chiendae, N Thailand limestone 101 fam. 93 92.1 
19°2'N, 98754/Е 342 gen. 181 52.9 
512 spp. 
9. Malay peninsula limestone limestone 117 fam. 93 81.6 
1—6?N, 100-104°E 535 gen. 244 51.6 
1112 spp. 
10. Taiping, Malay peninsula non-limestone 115 fam. 94 82.5 
4°N, IOI^E 682 gen. 243 51.6 


1939 spp. 





Notes: The direct comparison of species composition between the different floras is not very significant before the 
local floras are updated and the taxa revised; therefore, the comparison of floristic similarities between the different 


floras at the specific level is not made. 


References: location 2 (Chen, 1985); З (Daqinshan Forest station of Guanxi Forestry Bureau, 1980); 4 (Li, 1987); 5 
(Li et al., 1986); 6 (Xu, 1984); 7 (Thin, 1997); 8 (Smitinand, 1966); 9 (Chin, 1977, 1979); 10 (Burkill & Henderson, 


1925). 


tropical Asia and southern China were discussed 
by Zhu (1997). This limestone flora shares all fam- 
ilies and 88% of its genera with the flora of Indo- 
china (Lecomte, 1907-1951: Aubréville et al., 
1960-1996), 96% of its families and 68% of из 
genera with the flora of the Malay Peninsula (Rid- 
ley, 1967; Keng, 1978), 73% of its woody plant 
genera with Burma (Kurz, 1877), and more than 
97% of its families and more than 80% of its genera 
with other tropical floras of south China (including 
Hainan Island; see Wu, 1994). The limestone flora 
of Xishuangbanna demonstrates strong affinity to 
other tropical Asian floras. 
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